Abstract-In the search for lower dielectric constant substrates for use in a high critical temperature superconducting (HTSC) microwave technology, the dielectric constants and microwave loss tangents determined from the complex dielectric properties measured at 10 GHz and 300 K are reported for numerous perovskite antimonates like AzMeSbOs where A=Ba or Sr, Me = a rare-earth, Y, Sc, Ga or In and A4MeSb3012 where A=Ba or Sr and Me=Ei, Na or K. Using these material properties, the Clausius-Mossotti relationship and a nonlinear regression fitting program, the polarizability of Sb5+ has been investigated and determined to be 1.183.49 di3 which makes it an excellent candidate for use as a constituent in a HTSC microwave substrate technology.
I. INTRODUCTION
Due to the chemical composition, crystal structure and anisotropic properties of high critical temperature superconductors (HTSCs), substrates play a vital role in film properties and hence device characteristics [ 11-[7] . Since the discovery of HTSCs [8] , there has been a search for dielectric materials that are appropriate for use in a HTSC thin film device technology. The ideal material is chemically compatible and has both a good structural and thermal expansion match to the HTSC [9] . For microwave devices[l]- [7] , the material should also have either a relatively high or low dielectric constant and be low loss and isotropic with respect to microwave radiation. High dielectric constants are useful for delay lines while low dielectric constants are needed for the vast majority of microwave devices. Since microwave devices place additional requirements upon the substrate, a single suitable low dielectric constant microwave compatible substrate satisfies the requirements for the majority of all HTSC thin film devices.
The dielectric constant of oxides can be predicted using the Clausius-Mossotti relationship [lo]-[ 111 which can be rearranged to have the form:
where & is the dielectric constant and a~ (A3) is the total polarizatiblity of the substance in molar volume V, (A3). While the relationship is strictly applicable only to cubic materials, it also works as a good approximation to many noncubic materials so long as the electronic conductivity, piezoelectricity and permanent dipole moments are well behaved[ 101. In these papers, the polarizabilities of atoms for specific valence states have been determined using the dielectric constant of complex oxides along with the Clausius-Mossotti relationship and additivity rule. Conversely, the dielectric constants of complex oxides are calculated using the polarizability of constituent atoms.
While the search for a suitable low dielectric constant substrate has not been limiteal to cubic perovskites[ 131-[ 171, perovskites have been investigated the most due to the commonality of the perovskite crystal structure.
The ability to form a perovskite is given by Golldschmidt's tolerance factor[ 181 :
where R,, Rb and Ro are ionic or crystal radii of A-site, Bsite and oxygen atoms, respectively. Formation of the perovskite generally requires 0.99>T>0.71 with the cubic structure usually requiring a tolerance factor near 1 [ 191. The lattice parameter, a, for the particular perovskite can be estimated using the hard sphere model:
where R& Rb and R, are defined above.
The basic difficulty associated with finding relatively low dielectric constant, cubic perovskite substrates that lattice match the HTSCs is due to: (1) the difficulty of lattice matching the HTSC; (2) the difficulty of finding srnall values for the dielectric polarizabilities [ 101 for chemically compatible perovskite substrate constituents; antd, (3) the increase of dielectric constant from volume constraints when the dielectric lattice matches the HTSC [ 111.
In our search for lower dielectric constant substrates for use in a HTSC microwave technology, we have investigated S b p because: (1) of the close association of S b s in valence and size with T a s and N b s which have been utilized in microwave compatible HTSC lattice matching dielectrics; and, (2) the dielectric polarizability of S b s has heretofore not been determined.
II. EXPERIMENT Bulk ceramic antimonate ( S b s ) compounds[20]-[23]:
AzMeSbOg where A=Ba or Sr, Me = a rare-earth, Y, Sc, Ga or In and A4MeSb3012 where A=Ba or Sr and Me=Li, Na or K were prepared by solid state reaction using intimate mixtures of stoichiometric proportions of reagent grade BaCO3, S r C 0 3 , Li2CO3, In203, Ga2O3, Sc2O3, Na2C03, K2C03, Sb2O3 and rare-earth oxides (Re2O3). Components were ground together in a mortar, the resulting mixture was pressed into discs and heated to 1100 "C (rate = 180 " C h ) for 15 hours in air and cooled to 100 "C at the same rate and removed from the furnace. Each disc was reground to a powder with a particle siLe of 100 prn or less, pressed into 1.25 inch discs between 0.125 and 0.25 inches thick using a steel die. The bulk discs were then repressed isostatically at 60000 psi, sintered in the temperature range 1450 to 1600 "C for 20 to SO hours, cooled to 100 "C and removed from the furnace. The discs after sintering were about one inch in diameter. Lattice parameters, Table I , were obtained using a least squares fit of the NelsonRiley [24] function to the last 15 diffraction peaks obtained from diffractometer scans taken between 15 and 155" 28 using euK, radiation (k1.5405 A) or Fe& ( h = 1.93604) as the source. If x-ray diffractometer scans revealed the presence of a second phase, the discs were reground and the last step was repeated until a single phase was achieved. When second phases were present they often appeared only on the surface and could be removed by grinding.
Density measurements were made on the sintered bulk discs using a He gas pycnometer and are compared with calculated x-ray densities in Table I . We found that sintering temperatures between 1550-1600 "C were required to achieve very dense samples. Such samples are essential for complex dielectric measurements.
Microwave measurements of the real and imaginary parts of the dielectric constant were performed at approximately 9.3 and 10.1 GHz and room temperature. A cavity perturbation technique [2S] was used with a reflection-type rectangular cavity excited in either the TE106 mode for 9.3 GHz or the TE107 mode for 10.1 GHz. The cavity was coupled to the waveguide by an adjustable iris. A 0.5 mm by 35 mm slot cut along the center of one of the broad sides of the cavity provides access for the thin rectangular samples. The samples were held such that their long dimension was parallel to the Efield of the cavity, and they were positioned at the E-field maximum, as determined by maximizing the frequency shift of the cavity. 
The real part of the dielectric constant is calculated from the shift in the resonance frequency of the cavity due to the sample, and the imaginary component is calculated from a change in the cavity Q. The accuracy of these measurements depends upon two general sources of error: (1) the accuracy of the cavity characterization; and, (2) the material properties such as density and uniformity of shape. The error due to the cavity characterization results in an accuracy of +2 % for the real part of the dielectric constant and limits the resolution of the loss tangent (the imaginary component divided by the real component) to approximately 0.001. The error due to material properties such as sample shape and material density can be considerably greater than the cavity characterization error. However, most sample densities were near 100 % of theoretical density and thus should not introduce a large error. The dielectric constants and microwave loss tangents determined from the complex dielectric properties measured at 10 GHz and 300 K are reported in Table I1 for the numerous perovskite antimonates like A2MeSb06 where A=Ba or Sr, Me = a rare-earth, Y, Sc, Ga or In and A4MeSb3012 where A=Ba or Sr and Me=Li, Na or K. Using these material properties, the Clausius-Mossotti relationship, the $electric polarizabilities as given in [IO] (with a ( 0 2 -) = 2 . 0 1 (A3))and a nonlinear regression fitting program, the polarizability of Sb 5 t has been investigated and determined to be 1.18M.49 W3.The sintered discs were also employed as targets for deposition of thin films using the pulsed laser deposition technique (PLD) [26]-[27] . The deposition conditions and film properties have been previously reported [20]-[22] . The films are highly crystalline with some, due to the lattice match, having more than one orientation relationship to YBCO. However, all the dielectrics investigated appear to be chemically compatible with YBCO. Crystallization of these thin film A2MeSbOg materials is observed at deposition temperatures as low as [26] 600°C.
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